INTRODUCTION
In June 2009, the Massachusetts Executive Office of Energy and Environmental Affairs (EEA) released its draft Massachusetts Ocean Management Plan (draft plan) for public comment. The plan is required by the Oceans Act of 2008 to, among other things, be adaptive to evolving knowledge and understanding of the ocean environment. The plan's Science Framework establishes a blueprint for future research and data acquisition and ensuring that the plan evolves and its management measures adapt to this new and enhanced information. As stated in Chapter 5 of the draft plan, an important part of the science framework is the development and implementation of a performance evaluation system with a series of indicators to help EEA and stakeholders evaluate the implementation of the Massachusetts Ocean Management Plan, identify the environmental and socio-economic impacts of plan management decisions, and identify new or emerging issues.
Volume 2 of the draft plan contains a section entitled Development of Evaluation Measures for the Massachusetts Ocean Management Plan. This section outlines a proposed process "to identify measures of success or indicators that can be used to measure performance of management strategies in achieving desired outcomes."
As the development of indicators is a high priority of the draft plan, the Massachusetts Ocean Partnership (MOP) in consultation with EEA contracted with the Urban Harbors Institute (UHI) of the University of Massachusetts Boston (UMass Boston). The project team 1 and other professionals from organizations and agencies experienced with the selection and use of indicators conducted the process outlined in Volume 2 of the draft plan to identify and select a set of environmental, socio-economic, and governmental indicators to evaluate the effectiveness of the Massachusetts Ocean Management Plan. The process consisted of the following components:
 Define the main objectives or questions that need to be answered;  Compile a comprehensive set of potential indicators;  Derive a list of candidate indicators (environmental, socio-economic, and governance) with the greatest potential to address EEA's objectives/questions;  Develop recommended screening criteria to assess the applicability of candidate indicators;
 Conduct a preliminary determination of data availability and quality from existing sources;
 Convene two meetings of an expert group to select the indicators based on the screening criteria and determine data availability and characteristics; and  Recommend next steps to advance indicator development.
The work described in this report also contributes to a broader interest and goal of the Massachusetts Ocean Partnership which is to coordinate indicator initiatives to inform ocean management and to advance the development and use of indicators of the ocean's ability to provide ecosystem services.
Currently, there are a number of initiatives, focusing on the coastal and ocean areas of the Northwest Atlantic/Gulf of Maine region, to develop indicators for various purposes and audiences. The process and products of this work in support of the Massachusetts Ocean Management Plan (e.g., the list of indicators and associated data) will be useful in collaborative efforts to integrate and coordinate these regional efforts.
A STRUCTURED APPROACH TO INDICATOR IDENTIFICATION AND SCREENING
Although ocean and coastal environments are complex, they do have an underlying structure that can be understood and managed if relevant information is accessible to practitioners -indicators can convey this information. In order to achieve desired management outcomes, practitioners need information on: coastal communities; the structure of the coastal/ocean economy; the societal gains and losses influenced by the environment; and coastal environmental change. Such information can be conveyed by identifying a limited number of indicators that focus on evaluating key management issues using related data and information.
It is important to establish, at the outset, how terms relating to indicators will be used in this report. Terms such as measure, variable, indicator, index and metric have all been used to describe the use of data/information for evaluation of environmental management programs. While there are subtle differences between these terms, for the current purpose, the term "indicator" will be used to refer to data collected to aid in the process of integrated ocean management. This report proposes the use of two indicator classes in the Massachusetts Ocean Management Plan's implementation: outcome indicators and governance indicators. Outcome indicators measure socio-economic and environmental changes in integrated coastal and ocean systems. Governance indicators assess implementation of policy programs. Both classes of indicators can be sub-categorized as:  Individual Indicators -Directly measure a single attribute and are assessed at the smallest available unit of analysis. Example: "Number of beach closure days."  Integrated Indicators -Aggregate measure of an attribute requiring more than one individual indicator. Example: "Economic value of recreational boating."  Indicator Sets -A group of individual indictors that measure related parameters, e.g., phosphate, nitrate, salinity, pH, etc. and can be used together to give a picture of the state of the environment. Example: "Water chemistry."
For indicators to be useful, their incorporated data should be directly related to the management issue being examined and structured to indicate changes and trends in environmental and socio-economic conditions that will serve as an early warning system and help guide management and policy response and decision-making.
METHODOLOGY

NOTE: Appendix 1 contains the same eight steps of the methodology outlined below, but provides more detail on Steps 5 -8.
The methodology used generally followed the "Process for Selecting Indicators" proposed in the draft plan (Volume 2, Chapter 3). As recommended by the draft plan, an expert group 2 was recruited to help guide indicator selection. The expert group provided invaluable insight, knowledge and experience into selecting recommended indicators within the EEA-structured framework.
Since this process was conducted in a short period of time (ten weeks), the process was not as exhaustive or deliberative as it could have been. A longer timeframe for conducting the process might not have produced a very different outcome (based on the experience of the project team), but would likely have provided an opportunity for more detailed descriptions of candidate indicators and "Developing Performance Indicators to Evaluate the Management Effectiveness of the Massachusetts Ocean Management Plan" Urban Harbors Institute, University of Massachusetts Boston -January, 2010 3 | P a g e associated data, greater discussion and comprehension of the specific management strategies of the ocean plan, and a more elaborate process for refining the selection of indicators by the expert group. These opportunities may be realized in coming months as EEA continues the process of identifying and reviewing indicators for potential use in the context of ocean management in Massachusetts.
The methodology consisted of the following steps (these are illustrated in Figure 1 ): 1. Select individuals to form an expert group; 2. Develop a comprehensive list of indicators ("A" in Figure 1 ); 3. Pre-screen the comprehensive list to develop a candidate list of indicators ("B"); 4. Develop management questions from the goals of the draft plan to help guide indicator selection; 5. Convene first workshop with the expert group to present the candidate list of potential indicators and initiate the indicator selection process ("C"); 6. Analyze the output from the first workshop and develop a grouped candidate list of indicators ("C"); 7. Convene second workshop with the expert group to develop a ranked candidate list of indicators ("D"); and 8. Develop a final list of recommended indicators ("E"). Any indicators not included in the final list are re-assigned to the initial comprehensive list for use in future indicator selection processes ("F"). During the process, a number of indicators were added, some were removed and others were combined into indicator sets, therefore the sizes of the boxes are only a general representation of the number of indicators at each step.
Step 1:
Select Individuals to Form an Expert Group (see Appendix 2 for expert group member list)
The approach for developing a set of recommended indicators for use in evaluating the Massachusetts Ocean Management Plan involved engaging a group of individuals with diverse expertise in sciences, economics and management. This expert group was charged with: (1) selecting indicators most critical to evaluating the outcomes of the plan's management actions; and (2) providing input on data needs, sources, availability and quality.
The expert group was comprised of individuals with a range of expertise matching the subject matter encompassed by the plan. The expert group included participants with scientific backgrounds, knowledge of data sources, expertise in resource management, and past experience in the development of coastal/ocean indicators. The year-long process for developing the draft plan had engaged numerous scientists and technical staff from government, academia and NGOs as members of one of six technical work groups (habitats, fisheries, sediment resources, transportation, navigation and infrastructure, recreational and cultural services, and renewable energy) or of the Ocean Science Advisory Council (SAC) 3 . Members of the indicators expert group were drawn primarily from those involved in the draft plan development efforts (EEA work groups, SAC, EEA staff) since they possessed the necessary expertise and were familiar with the scope and objectives of the plan. Two members were invited specifically for their experience in the development of regional and global ocean indicators.
Step 2:
Develop a Comprehensive List of Indicators
There have been many efforts internationally, in the broader US, and within the Northeast region to develop indicators of coastal and ocean environmental and/or socio-economic conditions and to measure program effectiveness. As a first step in this process, the project team reviewed the results of a number of relevant initiatives (Appendix 3) to compile a comprehensive list of indicators for potential use in the Massachusetts Ocean Management Plan. The purpose of this was to capture the results and value of the considerable effort and thought invested in these other efforts.
The initial, comprehensive list of 274 indicators (64 governance, 90 environmental, and 120 socioeconomic) was compiled by reviewing: (1) watershed, ocean and coastal management programs that incorporate the use of indicators into their management strategies; (2) recent and/or on-going efforts to develop lists of indicators to assess various environmental and management goals; and (3) the draft Massachusetts Ocean Management Plan itself. This comprehensive list included those indicators with relevance to the region and the ecosystems of the Northwest Atlantic.
Step 3:
Pre-screen the Comprehensive List to Develop a Candidate List of Indicators
Previous experience has shown that indicator selection can be a lengthy process and it was clear that, in light of the limited time available, it would not be practicable to continue with such a large number of indicators. Therefore, the project team identified the indicators in the comprehensive list that were most relevant to the plan. Relevance was determined by applying the following question: The four goals of the draft plan are:
1. To balance and protect the natural, social, cultural, historic, and economic interests of the marine ecosystem; 2. To protect biodiversity, ecosystem health, and the interdependence of ecosystems; 3. To support wise use of marine resources, including renewable energy, sustainable uses, and infrastructure; and 4. To incorporate new knowledge as the basis for management that adapts over time to changing socio-economic, technological, and environmental conditions.
NOTE: The detailed goals, strategies, and outcomes of the draft plan can be found in Appendix 4.
This pre-screening produced a candidate list of 89 indicators (25 socio-economic, 32 environmental, and 32 governance indicators). The focus of the two workshops with the expert group was the socioeconomic and environmental indicators in the candidate list. The selection of governance indicators to be included in the plan was considered more straight-forward (related to management measures in the plan), and was undertaken by the project team.
While those indicators not selected for the candidate list were deemed to be less relevant to the goals of the plan at this time, the comprehensive list itself remains a valuable resource for future indicator selection efforts associated with the Massachusetts Ocean Management Plan and potentially other indicator initiatives.
Step
4: Develop Management Questions from the Goals of the Draft Plan to Help Guide Indicator Selection
The selection of indicators should ultimately be based on their ability to answer management questions. The project team developed three main management questions to guide the selection of indicators for the Massachusetts Ocean Management Plan. They were based on the 15 specific requirements of the Massachusetts Oceans Act, the four goals of the draft plan and focused on the desired outcomes of the plan's management actions. These three questions were:  How are environmental conditions and natural resources changing (spatially and temporally) in response to management actions of the plan?  Are the economy and quality of life of the people improved as a result of management of allowable uses in the planning area?  What are the trends in climate change and sea level rise, and possible implications on environmental conditions and coastal communities?
Step 5:
Convene First Workshop with the Expert Group (October 2, 2009)
The specific goals of the first workshop were to:  Provide the expert group with an introduction to the use of indicators to assess an ocean management plan;  Discuss other indicator efforts within the region;  Explain the proposed indicator selection process, desired outcomes and what would be asked of the expert group; and  Present and initiate discussion about the candidate list of indicators (with a focus on socioeconomic and environmental indicators).
In advance of the second workshop, each expert group member was asked to individually complete a worksheet identifying those socio-economic and environmental indicators from the candidate list that he/she felt were critical to assessing plan effectiveness (guided by the three management questions from
Step 4). Indicator data availability was not considered at this stage of the selection process. o The results of the second workshop were organized into the ranked candidate list of indicators.
 Begin to identify data availability and quality for the potential indicators; and  Discuss other factors that could influence indicator selection and how these might be applied to indicator selection in the future (i.e., the indicator screening criteria).
Step 8:
Develop the Final List of Recommended Indicators
Using the results of the second workshop, members of the project team reorganized the indicators from the ranked candidate list developed in Step 7 into four new categories reflecting their ultimate use in assessing the management actions of the plan. While data availability and quality were recognized as crucial to the actual use of indicators, these were not the primary criteria by which the final list of indicators was selected. This exercise also included the governance indicators. The four new categories were:
 Primary Indicators -Those indicators that will provide the best information to assess the degree of success of the Massachusetts Ocean Management Plan. While data are available for some of these indicators, it will be necessary to determine if the current data are suitable and if the data gathering efforts need to be refined. Efforts should be made to gather information for those indicators where data are not currently available.
 Supporting Indicators -Those indicators that may provide valuable supporting information to better understand the primary indicators. Data for many of these indicators are already being gathered. Efforts should be made to ensure that this continues and that data are gathered in a manner that will be of most value to the Commonwealth.
 Secondary Indicators -Those indicators chosen by the expert group that are related to the Massachusetts Ocean Management Plan and are not currently deemed critical to assessing the success of the plan. In many cases, data for these indicators are not currently being gathered, and future data collection efforts should be made as the opportunity/need arises or as funding becomes available. These indicators may well become important as new issues emerge or as projects are proposed. 
RECOMMENDED FINAL LIST OF INDICATORS
Primary Indicators
Environmental  Change in location and/or extent of core and important habitat (e.g., feeding, nesting, breeding areas) of Special, Sensitive or Unique Marine and Estuarine Life and Habitat (SSU) species (e.g., whales, birds etc., as identified in the plan)  Change in abundance/population density of species within SSU areas (e.g., whales, birds etc., as identified in the plan)
 Change in areal extent of SSU resources (e.g., eelgrass, mudflats, hard/complex bottom etc., as identified in the plan)  Change in: (1) total biomass/abundance; and/or (2) distribution of biomass/abundance across species for fish, mollusks and crustacean species within SSU areas  Expansion of the range of "watched" invasive species (i.e., invasive species that are currently being monitored)  Number and extent of habitats (by type) with a focus on SSUs 9 | P a g e Socio-economic  Economic value (production volume, etc.) and leased area of aquaculture operation  Economic value of fisheries (commercial)  Economic value of fisheries (recreational)  Economic value of offshore renewable energy  Economic value of recreational boating  Economic value of coastal industry sectors (other than fisheries, recreational boating, offshore energy and offshore aquaculture)  Total production capacity of renewable energy in offshore federal, offshore state and inshore waters Governance  Number of projects proposed/established in SSU areas, and areal extent by type  Number of projects proposed/established in non-SSU use areas of the planning region (e.g., multi-use areas and renewable energy areas), and areal extent by type  Number of actions in science plan initiated/implemented  Number of public access sites  Number of user conflicts reported by type/cause (e.g., number of recreational boats displaced by offshore aquaculture)  Number and areal extent of the designated areas in the plan area: protected (e.g., SSUs); designated for a particular use; and designated for multi-use  % of required state energy produced from renewable energy  Number of public participation efforts  Resources expended for implementation of plan and science framework (MOP, trust fund, etc) 
Supporting Indicators
SUMMARY
The effort and results reported here are in support of the Commonwealth in its efforts to develop and implement a system of performance measures for the initial and long-term implementation of the Massachusetts Ocean Management Plan.
This report provides a description of the structured process used to identify sets of indicators most useful for evaluating the effectiveness of the plan. This process is an adaptation of other regional, national and international integrated environmental management efforts that have faced issues similar to those articulated in the plan. The process included a systemic review of other related efforts to emphasize refinement and expansion over novel invention and to benefit from lessons learned by others.
Given the ambitious goals of the plan, the information provided by the selected indicators should assist with:
 Assessing the need for additional detail and/or refinement of siting provisions and regulatory standards;
 Providing critical information needed to evaluate the social and environmental effects of actions carried out within and beyond the plan's planning boundary;
 Providing critical information needed to evaluate the overall policy implementation of the plan to ensure effective and efficient governance;
 Maximizing the ability of the plan to adapt to changing conditions and knowledge;
 More effectively understanding the various sources of social and environmental change to ensure that actions carried out under the auspices of the plan are appropriately designed; and  Ensuring appropriate information is available for plan managers in preparing reports to the Commonwealth on plan activities.
As the plan is implemented, refinements and adaptations in response to new information and greater conditional understanding will be bolstered by having a structured, transparent, stakeholder driven process (e.g., the process described in this report) to which managers can refer.
NEXT STEPS
While this process produced a list of recommended indicators for the Massachusetts Ocean Management Plan, further work will be required for short-and long-term implementation including:
 The details of an indicator (e.g., unit, frequency and location of measurement) need to be refined based on its precise use(s). Furthermore, before determining exactly what data are needed, and in what form, it is first necessary to have an idea of how the data will be used.
 Initial efforts have been made to identify the data currently available for primary, supporting and secondary indicators (see Appendix 6), but ultimately, an indicator's usefulness will depend at least in part on the quality, availability, and scale of data. Efforts to mine current programs for useful data and carefully design new data acquisition programs to yield data with the needed attributes should be continued. This will be integrated into the plan's science framework as it is further developed.
 Datasets that support the selected indicators should become priorities for improved access and interoperability through state and regional data networks and data portals.
 The degree and nature of use by plan managers of the indicator protocol and conclusions of this report should be periodically assessed as part of adaptive management, which is one of the goals of the plan. Accordingly, if this structured process holds its intended value, it will contribute materially to other efforts directed at determining the integrated information needs of managers in the future and in other related environments.
 As the plan is implemented and evaluated, reporting products will need to be developed to convey the outcomes of plan implementation to a broad stakeholder community. These will likely include the development of new visualization tools, including interactive maps, web technology, and graphics that clearly convey information without mitigating the nuances of the information.
 The information and reporting products created in support of the plan should be developed in ways that build upon and contribute to other regional efforts already in place or in the planning stage. The overall goal should be to maximize the combined value of all relevant information identification, acquisition and reporting systems.
 As EEA and MOP advance the practice of and approaches towards comprehensive ecosystembased management, the indicators and related datasets should be linked to well-defined ecosystem services in order to monitor, visualize, and manage the provision of those services. This will also provide a means for educating stakeholders about the various benefits provided by the coastal ocean. This step should be coordinated with project teams developing methodologies to model the provision of ecosystem services and their value.
THE INDICATOR IDENTIFICATION METHODOLOGY AND ITS APPLICABILITY TO OTHER MANAGEMENT APPLICATIONS
The methodology used in developing indicators in support of the Massachusetts Ocean Management Plan is based upon existing related indicator identification protocols that are well established in literature. The specific application of this process was directed by the established goals and needs of the plan. The process can -and has -been used in other management environments. Future efforts to establish the indicators that would contribute to other regional integrated management questionssuch as those considering information in support of regional assessments of ecosystem health or regional ecosystem service values -could be based on the core themes of this methodology; however, certain attributes of the method would require modification. Because this methodology was developed to identify goal-specific results, its application in other management environments would, minimally, include differences in:
 The specification of a candidate list of indicators that initiates the process. An initial candidate list is driven by an effort to identify a limited list of indicators -drawn from a longer comprehensive list -that provide the most direct benefit to the management goal. As the management goals change, so should the candidate list and the questions used to build the candidate list.
 The specific sub-questions used to assess the direct relevance of candidate list indicators to the management goal. These sub-questions provide the basic guidance to the first meeting of the expert group and would be different with a different set of management goals or changes to the spatial and temporal dimension of the management effort.
 The make-up of the expert group. Again, with changes in the management goal the value of specific expert insights would change accordingly.
In short, the effort here was to establish an adaptable, stakeholder/expert engaged, and transparent process to identify critical indicators to support a specific management need. While the process is applicable, in general, to other related efforts, certain specific attributes of the process as applied to the Massachusetts Ocean Management Plan would change. The methodology used generally followed the "Process for Selecting Indicators" proposed in the draft plan (Volume 2, Chapter 3). As recommended by the draft plan, an expert group 4 was recruited to help guide indicator selection. The expert group provided invaluable insight, knowledge and experience into selecting recommended indicators within the EEA-structured framework.
Since this process was conducted in a short period of time (ten weeks) -the process was not as exhaustive or deliberative as it could have been. A longer timeframe for conducting the process might not have produced a very different outcome (based on the experience of the project team), but would likely have provided an opportunity for more detailed descriptions of candidate indicators and associated data, greater discussion and comprehension of the specific management strategies of the ocean plan, and a more elaborate process for refining the selection of indicators by the expert group. These opportunities may be realized in coming months as EEA continues the process of identifying and reviewing indicators for potential use in the context of ocean management in Massachusetts.
The methodology consisted of the following steps (these are illustrated in Figure 1 Step 1: Select Individuals to Form an Expert Group (see Appendix 2 for expert group member list)
The expert group was comprised of individuals with a range of expertise matching the subject matter encompassed by the plan. The expert group included participants with scientific backgrounds, knowledge of data sources, expertise in resource management, and past experience in the development of coastal/ocean indicators. The year-long process for developing the draft plan had engaged numerous scientists and technical staff from government, academia and NGOs as members of one of six technical work groups (habitats, fisheries, sediment resources, transportation, navigation and infrastructure, recreational and cultural services, and renewable energy) or of the Ocean Science Advisory Council (SAC) 5 . Members of the indicators expert group were drawn primarily from those involved in the draft plan development efforts (EEA work groups, SAC, EEA staff) since they possessed the necessary expertise and were familiar with the scope and objectives of the plan. Two members were invited specifically for their experience in the development of regional and global ocean indicators.
Develop a Comprehensive List of Indicators Step 3:
Pre-screen the Comprehensive List to Develop a Candidate List of Indicators
Previous experience has shown that indicator selection can be a lengthy process and it was clear that, in light of the limited time available, it would not be practicable to continue with such a large number of indicators. Therefore, the project team identified the indicators in the comprehensive list that were most relevant to the plan. Relevance was determined by applying the following question:
Which indicators are most critical for assessing whether or not the impacts of a project or decision in the planning area meets one or more of the four goals of the Massachusetts Ocean Management Plan?
The four goals of the draft plan are:
NOTE: The detailed goals, strategies, and outcomes of the draft plan can be found in Appendix 4.
Step 4: Develop Management Questions from the Goals of the Draft Plan to Help Guide Indicator Selection
Convene First Workshop with the Expert Group (October 2, 2009)
Members of the expert group and the project team met to help advance the indicator selection process (see Appendix 2 for workshop attendees). The specific goals of the first workshop were to:  Provide the expert group with an introduction to the use of indicators to assess an ocean management plan;  Discuss other indicator efforts within the region;  Explain the proposed indicator selection process, desired outcomes and what would be asked of the expert group; and  Present and initiate discussion about the candidate list of indicators (with a focus on socioeconomic and environmental indicators). The meeting provided participants with an introduction to the use of indicators as a way to assess the Massachusetts Ocean Management Plan, and presentations on current indicator selection efforts as part of the Ocean Health Index (OHI) and the Ecosystem Indicator Partnership (ESIP).
The OHI is an instrument recently created by Conservation International, the National Geographic Society and the New England Aquarium to enhance changes in human attitude and behavior needed for continued improvement in the quality of the marine environment. The OHI is a composite index focused on indicators that will demonstrate changes in factors determining ocean health. It aims to evaluate the extent and trend of key global marine stressors and response of affected key species, indicator populations and marine biodiversity, the scope and effectiveness of efforts to mitigate stressors, manage marine resources, and promote ocean stewardship and advocacy, and key indicators of ocean-related ecosystem services that contribute directly to human well-being.
ESIP was formed in 2006 by the Gulf of Maine Council on the Marine Environment to assess the status and trends of the Gulf of Maine ecosystem through the use of indicators. ESIP gathers data for 22 priority indicators in six focus areas including aquatic habitats, coastal development, contaminants, climate change, eutrophication, and fisheries and aquaculture, for the Gulf of Maine region.
The selection of indicators for Massachusetts was based on the need to provide a way to assess: (1) whether the goals of the plan are being reached; (2) socio-economic and environmental trends and changes that are the result of management actions; and (3) environmental or socio-economic changes that although caused by natural and anthropogenic drivers rather than by the plan's management actions, may still affect management decision-making.
In advance of the second workshop, each expert group member was asked to individually complete a worksheet identifying those socio-economic and environmental indicators from the candidate list that he/she felt were critical to assessing plan effectiveness (guided by the three management questions from Step 4). Indicator data availability was not considered at this stage of the selection process. The review of the 32 candidate governance indicators was undertaken separately by the project team. A sample of the worksheet used by the expert group is shown below. The complete worksheet can be found in Appendix 5.
The members of the expert group were asked to complete their review within a week following the workshop.
Below is a sample of the spreadsheet that the members of the expert group used to review the candidate list of indicators following the first workshop. The complete spreadsheet can be found in Appendix 5.
The objective is to develop a list of indicators that can be used to assess the effectiveness of the actions associated with the Massachusetts Ocean Management Plan in achieving the plan's goals.
We would like you to help identify which indicators are of critical importance to answering each of the questions below. The following list of indicators has been selected as potentially relevant to this objective. Please use the "Your selection" column to show the level of importance of each indicator. Please feel free to add any comments/clarifications in the "Your comments" column. Step 6:
Y = critical N = not critical ? = don't know
At this stage do NOT focus on data availability or quality. This phase is to develop the list of the most useful / critical indicators.
ID#
Analyze the Output from the First Workshop and Develop a Grouped Candidate List of Indicators
All members of the expert group reviewed the candidate list of indicators as requested and returned their individual spreadsheets electronically.
In order to determine the critical significance of any given indicator to the three management questions, responses were analyzed in the following way: 1. This analysis resulted in the assignment of the each of the 57 indicators to one of four categories (see Table 1 below), with the aim that this categorization would guide discussion at the second workshop. An additional category was created for new indicators suggested by workshop attendees. The analysis showed that there was consensus that eight indicators were critical for all three questions and 14 indicators were deemed critical for two of the questions (Category 1). In preparation for the second workshop, these indicators were placed at the top of the list of indicators, suggesting that they were important and that they warranted further discussion.
At this point, three indicators that had low cumulative totals were deemed not to be critical for answering any of the three key questions and so were placed at the bottom of the indicator list presented at the second workshop (Category 4).
Thirty other indicators were deemed critical to answering just one of the questions.
Two indicators were deemed not to be critical to answering any of the questions, but had relatively high cumulative totals across the three questions. Given their high cumulative totals, it was decided to combine them with the 30 indicators critical to answering one question. These 32 indicators were divided between Categories 2 and 3, with Category 2 containing those indicators with higher cumulative totals relative to those in Category 3.
The analysis above does not imply that indicators in Category 1 are necessarily "more" critical than those in the other categories. The exercise undertaken by the workshop participants was to assess each indicator in relation to each of the three management questions, irrespective of any of the other indicators. Therefore, Category 1 simply contains those indicators that the workshop attendees generally agreed were critical across two or more questions.
The results of this analysis became the grouped candidate list used in the second workshop.
Step 7 The results from the first workshop were presented as a list of the indicators grouped into the five categories discussed above. To assist in assessing each indicator in relation to the others, a conceptual line, or critical needs threshold was defined. Those indicators assessed to be above the threshold would be considered of highest relevance and priority. It was stressed that: 1. Indicators assessed as not exceeding the needs threshold would not be rejected as potential future indicators but would simply not be considered critical indicators at this time; and 2. There was no limit to the number of indicators that could be included in the shortlist of potential indicators (i.e., if one indicator met the criteria another did not necessarily have to be moved below the threshold). The line, or critical needs threshold, was initially determined to be the operational distinction delineating categories one and two in Table 1 . The expert group was asked to work through the list of indicators and, in the context outlined above, decide if various indicators were more useful in assessing plan effectiveness than others. This exercise included the 14 new indicators (10 environmental and four socio-economic) from Category 5 that the expert group had suggested.
Through this discussion a number of cases of substantive overlap between indicators were identified, and these were removed from the list to mitigate information duplication. An example of duplicative indicators was "Number and extent of habitats (by type)" and "Areal extent of seagrass beds", since eelgrass is a habitat. The participants also suggested that a number of indicators could be grouped into Indicator Sets (as discussed in the Introduction) since collectively they could act as an indicator. An example of this was combining nitrates, phosphates, dissolved oxygen, salinity, chlorophyll a concentration and pH/carbonate saturation into a more generic water chemistry indicator set. This would serve to have indicator components that can be used separately (depending on the issue) or collectively (to serve as a holistic indicator of water chemistry).
The results of this exercise were organized into the ranked candidate list of indicators.
While the availability of data was not a primary criterion in identifying an indicator as critical, the practicability of data acquisition was, to some extent. If the group felt that an indicator could not be measured with any accuracy or that gathering the data at a fine enough scale across the planning area was not feasible in the near future (due to cost, time, availability, technology, resources etc.), the indicator was moved down to the very bottom of the indicator list and was flagged as being unfeasible at present.
The majority of indicators were discussed in detail and a general consensus was reached as to whether they should be considered for the final list of recommended indicators.
The group also provided information about the availability and quality of data for those indicators that were discussed in detail. This discussion was facilitated by the fact that EEA staff had provided information on data availability for many of the indicators prior to the workshop.
The last item on the agenda for the second workshop focused on potential screening criteria that could be used to evaluate indicators. The attendees were provided with a list of potential screening criteria and were asked to comment on the relative value of each criterion for indicator selection and to suggest additions or refinements. The discussion resulted in the following list of screening criteria (in no specific order):
 Is the indicator relevant to policy goals and issues? Is the indicator useful to users (does it convey meaningful information; does it provide decision support to management)?  Are data (current, historical) available for the indicator? Are there established thresholds for the indicator?  Can the indicator be linked to a cause-effect relationship?  Is the indicator responsive to change (spatially, temporally)? How much change does it take to trigger a measurable response? How rapidly does the indicator respond to change and for how long?  Is the indicator scalable?  Is the indicator comparable to regional/global data?  Is the indicator practicable to measure (e.g., cost, time, availability, resources)?  Is the indicator scientifically and technically sound?
It became clear that the relative value of the criteria for indicator selection will vary depending on a number of factors. For example, a high cost of data acquisition might negatively affect the selection of a particular indicator. However, if that indicator is the only way to measure an impact, then cost becomes less of an issue. Another example is that while an indicator might be important to measure an impact, it may become less so if a number of other existing indicators could measure the impact almost as well. The conclusion was that it was not possible to rank the screening criteria by importance and that not all criteria had equal weighting. However, there was agreement that all of the screening criteria could be grouped under the following general criteria:
 Applicability, including relevance to policy;
o Ability to detect change o Ability to predict change  Availability of data; and  Data quality.
Develop the Final List of Recommended Indicators
APPENDIX 4: GOALS, STRATEGIES, AND OUTCOMES FROM THE DRAFT MASSACHUSETTS OCEAN MANAGEMENT PLAN (made available for public comment in June of 2009).
Goal #1: Integrated management
Requirements of the Oceans Act:  Set forth the Commonwealth's goals, siting priorities, and standards for ensuring effective stewardship of its ocean waters held in trust for the benefit of the public.  Adhere to sound management practices, taking into account the existing natural, social, cultural, historic, and economic characteristics of the planning areas.  Coordinate uses that include international, federal, state and local jurisdictions.  Encourage public participation in decision-making.
Strategies:
 Define goals, strategies, and outcomes that are responsive to the Act, reflect consideration of public comment, and can be achieved within the Act's timeline based on existing information.  Review and incorporate as appropriate related/relevant Commonwealth law and policies, such as those related to climate change.  Characterize the planning area and its component regions through the baseline assessment and regional characterizations.  Review and consider the policies of regional, municipal, and other formal plans that address ocean waters.  Accommodate local and regional policies and initiatives that are consistent with the Act and the Commonwealth's ocean management goals. Outcome: An integrated ocean management plan that:  Is responsive to the Oceans Act.  Is implemented in coordination across jurisdictional levels.  Achieves balance through the designation of areas for uses and activities allowed pursuant to the Oceans Sanctuaries Act and in the planning area.
 Overlay use data.  Apply compatibility matrix.  Identify potentially suitable use areas (for sustainable uses, infrastructure, renewable energy, and other uses allowed under the Ocean Sanctuaries Act).  Apply conservative approach to total area designated as use areas as proportion of overall planning area, informed or modified by the following guidance for decision-making, explicit or inherent in the Act and/or illustrated through workgroup report data:
o Minimize conflict with commercial fishing by siting development areas outside areas of significant fishing effort and value.
Minimize conflict with significant interconnections between homeports and grounds.
For specific projects developed pursuant to the ocean management plan, develop methodology to identify impacted fishery and assess economic impact of specific development projects (apply through Massachusetts Environmental Policy Act [MEPA]).
For specific projects developed pursuant to the ocean management plan, develop framework for mitigation (apply through MEPA).
o Minimize conflict with recreational fishing by siting incompatible uses outside areas of concentrated recreational fishing activity.  Preserve/enhance public access by siting use areas to minimize impacts to concentrations of recreational uses.
o Consider impacts to significant interconnections between shore access points and destination areas.  Incorporate specific performance standard(s) for deepwater aquaculture criteria in development area.  Apply performance standard specifically for cables; evaluate management measures for other utilities based on compatibility matrix factors like significance/duration of impact, conflict with other uses.  Identify appropriate test/pilot project areas for renewable energy development as part of use areas or performance standard overlay.  For renewable energy facilities, use and resource overlays provide basis for identifying "appropriate scale" and generally appropriate areas, for the following factors from the Act: Note: Under the ID# column, "S" indicates a socio-economic indicator, and "E" indicates an environmental indicator. 
Socio-economic
Number of divers/dive trips/air fills? -Pending MOP Human Uses study will improve / develop data.
Number and value of recreational fishing days -DMF -recreational saltwater fishing licenses.
-Pending MOP Human Uses study will improve / develop data.
Cost of marine vectored disease/illness
Costs of invasive species (social, economic, health…) 1 Trawl Survey Information -The DMF trawl survey covers species identification, abundance and biomass, weight, and length of species. It occurs in May and September and has for 30 years. It only covers demersal species, and the most reliable analyses are done only on species vulnerable to the trawl method. Some species are known to have substantial adult and juvenile fish in the catch, and therefore analyses can be done to separate them out (for example, a large number of small fish can have the same weight as a small number of large fish). This is the Methods description from the 2008 annual report: (available at: http://www.mass.gov/dfwele/dmf/programsandprojects/rap_2008_annual_report. 
